A taxonomic study was carried out on strain LW15
The genus Acinetobacter, originally described by Brisou and Pr evot [1] , is a physiologically and metabolically highly diverse group, comprising species ubiquitous in soil and water as well as species appearing as opportunistic pathogens in clinical environments [2] . Members of the genus Acinetobacter are Gram-negative, non-motile, strictly aerobic, oxidase-negative, catalase-positive and have the ability to utilize sources of carbon and to grow on minimal salt medium [3] . Some species of the genus Acinetobacter are able to lyse mammalian erythrocytes and liquefy gelatin, while others are usually neither haemolytic nor proteolytic [4] . At the time of writing, the formal classification of the genus Acinetobacter includes 57 validly published names including four pairs of synonyms (http://apps.szu.cz/anemec/Classification.pdf). In addition, there are six Acinetobacter species with tentative designations (http://apps.szu. cz/anemec/Classification.pdf). In this study, we describe the taxonomic characterization of one strain isolated from external lesions of diseased farmed Murray cod (Maccullochella peelii peelii; Mitchell 1838) [5] , designated LW15
T , and suggest that it represents a novel species of the genus Acinetobacter.
During the characterization of bacteria isolated from external lesions of diseased farmed Murray cod (Maccullochella peelii peelii) at Zhejiang, China (121.14 E, 28.41 N) in April 2017. The external muscle ulcerative lesions on the fishtail of Murray cod were separated, mashed and suspended in sterilized water, then serially diluted and spread onto Columbia agar (Oxoid) with 5 % sheep blood and aerobic incubation was performed at 30 C for 3 days. Strain LW15 T was isolated and asingle colony was picked and purified by repeated streaking on Luria-Bertani agar medium [LB; containing (l À1 double distilled water): 10.0 g tryptone, 5 .0 g yeast extract, 10.0 g NaCl, 15 .0 g agar for solid plates; pH 7.0]. On the basis of the data presented, one milky-yellow colony, designated as LW15 T , was supposed to represent a new species of the genus Acinetobacter. The strain was maintained as viable cultures on plates at room temperature and stored as 16 % (v/v) glycerol suspensions at À80 C.
Chromosomal DNA was isolated and purified using the Rapid Bacterial Genomic DNA Isolation Kit (Sangon Biotech) according to the manufacturer's instructions. The 16S rRNA gene of strain LW15 T was amplified by PCR using the universal primers 27F and 1492R [6] . The 16S rRNA gene sequences of related taxa were obtained from the GenBank database or retrieved from their whole-genome sequences (Table S1 , available in the online version of this article). A phylogenetic tree of the genus Acinetobacter based on the 16S rRNA gene sequences was reconstructed using MEGA version 7 [7] with distance options according to Kimura's two-parameter model and clustering with the neighbour-joining method [8] , and supported with bootstrap values based on 1000 replications. Compared to those of the type or reference strains of each Acinetobacter species, the obtained 1501 bp 16S rRNA gene sequence of strain LW15
T was most similar (97.7 %) to that of Acinetobacter guillouiae CIP 63.46
T . The phylogenetic tree also suggested that strain LW15
T was closely related to Acinetobacter bereziniae CIP 70.12 T and A. guillouiae CIP 63.46 T (Fig. S1 ), and supported by high bootstrap values.
The genome of strain LW15
T was sequenced using the Illumina HiSeq 4000 platform at the Shanghai Majorbio Biopharm Technology Co., Ltd. (Shanghai, China). The pairedend sequencing library with a fragment length of 400-500 bp was reconstructed with the TruSeq DNA Sample Prep Kit (Illumina), and a raw data set of 3 374 358 paired-end reads was generated. Approximately 1518 Mbp high-quality reads, which provided a 424-fold depth of coverage were assembled with SOAPdenovo version 2.04 [9] . The resulting genome sequence of LW15 T has been deposited in the DDBJ/ ENA/GenBank under accession no. NIFO00000000 (size: 3 575 997 bp; number of proteins: 3243; number of contigs: 75; N50, the shortest sequence length at 50 % of the genome, 281 867 bp) with a G+C content of 37.2 mol%.
An average nucleotide identity (ANI) value of 95 % has been proposed to define a species within the genus Acinetobacter based on a limited database [10] . ANI based on BLAST was calculated for the genome sequence of strain LW15 T and those of a type or reference strain of each of the 59 Acinetobacter species with the genome sequence available in GenBank (Table S1 ) using the JSpecies web program (imedea.uib-csic.es/jspecies/) with default settings [11] . ANI values of the genome sequence of strain LW15
T and all other type or reference Acinetobacter genomes were <85 %, with the highest value being 80.8 % to that of A. guillouiae CIP 63.46
T . Although the !95 % cutoff or any other cutoffs to define an Acinetobacter species require rigorous verification, the <85 % ANI values were far below any proposed cutoff to define a bacterial species, suggesting that strain
LW15
T is very likely to represent a novel Acinetobacter species.
In silico DNA-DNA hybridization between strain LW15 T and the type or reference strains of 59 Acinetobacter species with the genome sequence available in GenBank (Table S1) was performed using the Genome-to-Genome Distance Calculator (formula 2) [12] . The in silico DNA-DNA relatedness between strain LW15
T and any of the 59 Acinetobacter species ranged from 20.0 to 25.3 %, much lower than the 70 % cutoff, which provides further support that strain LW15 T belongs to a novel Acinetobacter species. DNA-DNA hybridization is considered as a standard method to define bacterial species [13, 14] . DNA-DNA hybridizations were performed with genomic DNA from strain LW15 .7 ±1.6 %, respectively), which was lower than the 70 % cutoff to define a bacterial species, supporting that the strains belonged to different species.
To decisively confirm phylogenetic placement of strain LW15
T to the genus Acinetobacter, a phylogenomic approach integrating the analysis of 1061 Acinetobacter core genes was performed as described by Poppel et al. [17] . A maximumlikelihood tree reconstruction considering 23 type strains (selected based on higher ANI values against strain LW15, fewer differential traits against strain LW15, closely relatives in phylogenetic tree based on 16S rRNA gene sequences or higher values of in silico DNA-DNA hybridization) from the genus Acinetobacter revealed that strain LW15
T was only distantly related to any other Acinetobacter species in the genus ( Fig. 1 ). Strain LW15 T is clustered with A. guillouiae CIP 63.46 T and A. bereziniae CIP 70.12 T as a sister clade to the Acinetobacter defluvii-gandensis subclade. The patristic distance to its closest relatives, A. guillouiae CIP 63.46 T and A. bereziniae CIP 70.12 T , exceeds with 0.52 substitutions per site by far the hitherto observed genetic diversity between strains of the same Acinetobacter species. This strongly suggests that strain LW15
T is the first representative of a newly detected species within the genus Acinetobacter.
Physiological and biochemical tests were performed with strain LW15
T cultivated for 2 days at 30 C in LB liquid or LB agar medium. Gram-staining reaction was conducted by a Gram staining kit (bioM erieux, France) according to the manufacturer's instructions, and the cell morphology was observed using a light microscope (Nikon 80i). The detailed cellular morphological features of strain LW15 T were also observed by scanning electron microscope (JSM-6380LV, JEOL) and transmission electron microscope (HT7700, Hitachi), with cells grown at 30 C on LB agar for 24 h. Catalase, oxidase and urease activities, nitrate reduction, Voges-Proskauer, aesculin hydrolysis, indole and H 2 S production were tested as described by Smibert and Krieg [18] . Gelatin hydrolysis, IP: 54.70.40.11
On: Wed, 10 Apr 2019 20:07:49 aerobic acid production from glucose and utilization of citrate (Simmons') were detected with methods as described by Nemec et al. [3] . Phenotypic profiling was performed, using the API 20E, API 20NE and API ZYM panels (bioM erieux), following the instructions of the manufacturer, and the results were observed after 48 h. Unless stated, all tests were performed under the optimal conditions for each strain. The characteristics for the assimilation of the other carbon sources were performed using the basal mineral medium of Cruze et al. [19] supplemented with 0.1 % (w/v) of each carbon source as described by Nemec et al. [3] . Cell motility was tested in LB medium with 0.4 % agar. Growth in an anaerobic bag (bioM erieux) was checked on LB agar plates at 30 C for 7 days. The formation of endospores was tested on LB agar supplemented with 5 mg l À1 MnSO 4 as described by Logan et al. [20] . Growth at various temperatures (4, 10, 20, 25, 28, 30, 32, 35, 37, 41 and 44 C) were performed in 5 ml aliquots of brain-heart infusion broth (Oxoid) dispensed into tubes (16 mm inner diameter). Growth at pH 4.0-11.0 (at 1 % intervals) was examined in LB liquid medium at 30 C, and the desired pH values for each test were adjusted according to Liu et al. [21] . Salt tolerance was tested after incubation for 2 days at 30 C in LB liquid medium prepared according to the formula of the standard medium except that NaCl was omitted and the medium was supplemented with 0-10 % (w/v) NaCl (at 1 % intervals). The growth was monitored by measuring the optical density (OD) at 600 nm using a spectrophotometer (UV1800; Shimadzu). Haemolytic activity was tested on Fig. 1 . Phylogeny of the Acinetobacter genus based on the alignment of the protein families of the core genome of strain LW15 T and 23 type strains from genus Acinetobacter with validly published names. The maximum-likelihood (ML) tree reconstruction was performed as as described by Poppel et al. [17] . Branch support values are given as branch labels and represent ML bootstrap values. Branch lengths are given in expected substitutions per site.
Columbia agar base (Oxoid) with 5 % sheep blood (v/v). All phenotypic tests were performed three times in different sessions and were repeated when inconsistent results were obtained.
The results of phenotypic analysis for strain LW15
T are shown together with those obtained from the literature [22] , which has been continuously updated (http://apps.szu.cz/anemec/ Phenotype.pdf), of all Acinetobacter species with validly published names in Table S2 . Strain LW15
T differed from each of the known species in 4 to 21 of the 40 characteristics studied. Furthermore, the most useful combination of features to distinguish the strain LW15
T from all known species included the ability to assimilate D-malate and b-alanine, and inability to grow at 37 C and in ethanol. An overview of the physiological and metabolic characteristics of strain LW15
T and those of the species phenotypically most similar to it (eight or fewer differential traits) is given in Table 1 .
Cells were harvested in the late exponential phase after growth in LB medium at 30 C. After centrifugation (8000 g min À1 , 10 min), the supernatant was discarded and the bacterial biomass was lyophilized. The polar lipids were extracted and separated on a silica gel plates (10Â10 cm, Merck 5554) and further analysed as described by Minnikin et al. [23] . Molybdatophosphoric acid, ninhydrin, a-naphthol and Zinzade's reagent were used to reveal the total polar lipids, aminolipids, glycolipids and phospholipids, respectively. The polar lipids of strain LW15
T comprised diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), phosphatidylcholine (PC), four phospholipids (PL1-4), aminolipid (AL) and two unknown lipids (L1-2), as shown in Fig. S2 . The presence of PE, PG, PL and DPG was similar to that of the recently described strains of the genus Acinetobacter [24, 25] . However, the presence of L and AL could distinguish strain LW15
T from most species of the genus Acinetobacter [17, 24, 25] . The respiratory quinone of the strain LW15
T was determined using reversed-phase high-performance liquid chromatography as described previously [26] . The major ubiquinone of strain LW15
T was Q-9 (84 %), followed by Q-8 (13 %) and Q-10 (3 %), which was in line with the species of Acinetobacter equi 114 T [17] , but was different from the other members of the genus Acinetobacter [25, 27] as regards content and composition. Cellular fatty acids were extracted and prepared from strain LW15 T together with five type strains of the genus Acinetobacter according to the standard protocol of the Microbial Identification System (MIDI; Sherlock). The test was performed using a gas chromatograph (6850; Agilent), and peaks were identified using MIDI software (version 6.0). The major fatty acids of strain LW15
T included C 18 : 1 !9c, C 16 : 0 and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) with minor amounts of C 12 : 0 3-OH and C 12 : 0 . The fatty acid profiles of strain LW15
T and of the five reference strains were mostly similar, although there were some differences in the proportions of some components (Table S3) . Summed feature 3 accounted for a larger proportion of fatty acid in strain LW15
T compared to the reference strains. While, Acinetobacter johnsonii ATCC 17909 T contained summed feature 4, which was not detected in strain LW15 T or other reference strains.
Unfortunately, only one isolate was included in this study, resulting in a lack of information about phenotypic variability within this species. However, the genotypic, phylogenetic and phenotypic characteristics clearly distinguished strain LW15
T from other species within the genus Acinetobacter. Based on the results presented, a novel species, Acinetobacter piscicola sp. nov., with the type strain LW15
T , is proposed.
DESCRIPTION OF ACINETOBACTER PISCICOLA SP. NOV.
Acinetobacter piscicola (pis.ci¢ cola. L. n. piscis fish; L. suff. -cola (from L. n. incola) dweller; N.L. n. piscicola a dweller of fish).
Cells are Gram-negative, facultative anaerobic, non-sporogenous, oxidase-negative, catalase-positive, non-motile and both coccobacillus-and bacillus-shaped (0.6-1.2 wide and 0.9-2.2 µm long) (Fig. S3) 
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